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Abstract
Background/Aims: The multi-targeted kinase inhibitor pazopanib, a drug employed for 
the treatment of a wide variety of malignancies, has previously been shown to trigger 
apoptosis. Similar to apoptosis of nucleated cells, erythrocytes may enter suicidal 
death or eryptosis, characterized by cell shrinkage and cell membrane scrambling with 
phosphatidylserine translocation to the erythrocyte surface. Mechanisms involved in the 
triggering of eryptosis include Ca2+ entry, oxidative stress and ceramide. The present 
study explored, whether pazopanib induces eryptosis and, if so, whether it is effective 
by Ca2+ entry, oxidative stress and/or ceramide. Methods: Phosphatidylserine exposure 
at the cell surface was estimated from annexin-V-binding, cell volume from forward 
scatter, reactive oxygen species (ROS) formation from DCF dependent fluorescence, and 
ceramide abundance utilizing specific antibodies. Results: A 48 hours exposure of human 
erythrocytes to pazopanib significantly increased the percentage of annexin-V-binding 
(≥ 25 µg/ml) and of shrunken erythrocytes (≥ 50 µg/ml). Pazopanib treatment further 
resulted in significant hemolysis (≥ 25 µg/ml). The effect of pazopanib on annexin-V-
binding was significantly blunted but not abolished by removal of extracellular Ca2+. 
Pazopanib significantly increased DCF fluorescence (50 µg/ml) and ceramide abundance 
(50 µg/ml). Conclusions: Pazopanib triggers eryptosis, an effect involving Ca2+ entry, 
oxidative stress and ceramide.
IntroductionPazopanib, a multi-targeted inhibitor of tyrosine kinase [1-13], vascular endothelial growth factor receptor [4, 8, 14-17], and angiogenesis [2, 11, 18-21], is used for treatment of diverse malignancies [8], including renal cell carcinoma [1, 3-5, 7, 9, 13, 20, 22-38], soft 
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tissue sarcoma [2, 39-44], recurrent multiple CNS hemangioblastomas [45], epithelial ovarian cancer [46], gastroenteropancreatic neuroendocrine tumours  [47], malignant glioma [48], urothelial cancer [49], breast cancer [50], non small cell lung carcinoma [51] and medulloblastoma [52]. Untoward side effects of pazopanib include alopecia [53], hypertension [10, 21, 33, 49], fatigue [21, 49, 54], gastrointestinal events [10, 21, 33, 49, 55, 56], liver toxicity [10, 33, 57] and hand-foot-skin reaction [6]. Pazopanib has been shown to stimulate apoptosis [51, 58-66], but may inhibit necroptosis [67]. Mechanisms involved in the stimulation of apoptosis include downregulation of the antiapoptotic proteins XIAP and MCL1 [63], as well as of HIF1α and ABCG2 genes [57], mammalian target of rapamycin [68], and poly(ADP-ribose) polymerase cleavage [63]. Mechanisms involved in the inhibition of necroptosis include receptor-interacting serine/threonine-protein kinase 1 (RIPK1) and 3 (RIPK3) as well as transforming growth factor-β-activated kinase 1 (TAK1) [67]. Similar to apoptosis of nucleated cells, erythrocytes may enter eryptosis [69], the suicidal death of erythrocytes characterized by cell shrinkage [70] and cell membrane scrambling apparent from phosphatidylserine translocation to the cell surface [69]. Eryptosis is triggered by Ca2+ entry [69], ceramide [71], oxidative stress [69], energy depletion [69], 
activated caspases [69, 72, 73], and activation of some kinases, such CK1α, JAK3, PKC, p38 kinase and PAK2 kinase [69]. Eryptosis is further stimulated by genetic or pharmacological knockout of AMPK, cGMP-dependent protein kinase, and sorafenib/sunitinib sensitive kinases [69]. Eryptosis is stimulated by a variety of xenobiotics [69, 74-114]. The present study explored, whether pazopanib stimulates eryptosis. To this end, human erythrocytes from healthy volunteers were exposed to pazopanib and phosphatidylserine surface abundance, cell volume, formation of reactive oxygen species (ROS), and ceramide 
abundance quantified utilising flow cytometry. 
Materials and Methods 
Erythrocytes, solutions and chemicalsFresh Li-Heparin-anticoagulated blood samples were kindly provided by the blood bank of the University of Tübingen. The study is approved by the ethics committee of the University of Tübingen (184/2003 V). The blood was centrifuged at 120 g for 20 min at 21 °C and the platelets and leukocytes-containing supernatant was disposed. Erythrocytes were incubated in vitro at a hematocrit of 0.4% in Ringer solution containing (in mM) 125 NaCl, 5 KCl, 1 MgSO4, 32 N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid (HEPES; pH 7.4), 5 glucose, 1 CaCl2, at 37°C for 48 hours. Where indicated, erythrocytes were exposed for 48 hours to pazopanib (MedChem Express, Princeton, USA). In order to estimate the impact of pazopanib on eryptosis due to high [Ca2+]i, erythrocytes were exposed for 1 hour to a combination of pazopanib and the Ca2+ ionophore ionomycin (Merck Millipore, Darmstadt, Germany). 
Annexin-V-binding and forward scatter After incubation under the respective experimental condition, a 100 µl cell suspension was washed in Ringer solution containing 5 mM CaCl2 and then stained with Annexin-V-FITC (1:200 dilution; ImmunoTools, Friesoythe, Germany) in this solution at 37°C for 20 min under protection from light. The annexin-V-abundance at the erythrocyte surface was subsequently determined on a FACS Calibur (BD, Heidelberg, Germany). Annexin-V-binding was measured with an excitation wavelength of 488 nm and an emission wavelength of 530 nm. A marker (M1) was placed to set an arbitrary threshold between annexin-V-binding cells and control cells. The same threshold was used for untreated and pazopanib treated erythrocytes. A dot plot of forward scatter (FSC) vs. side scatter (SSC) was set to linear scale for both parameters. The threshold of forward scatter was set at the default value of “52”.
Hemolysis For the determination of hemolysis, the samples were centrifuged (10 min at 2000 rpm, room temperature) after incubation under the respective experimental conditions and the supernatants were harvested. As a measure of hemolysis, the hemoglobin (Hb) concentration of the supernatant was 
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determined photometrically at 405 nm. The absorption of the supernatant of erythrocytes lysed in distilled 
water was defined as 100% hemolysis.
Fluo3-fluorescenceAfter incubation, erythrocytes were washed in Ringer solution and loaded with Fluo-3/AM (Biotium, Hayward, USA) in Ringer solution containing 5 µM Fluo-3/AM. The cells were incubated at 37°C for 30 min. Ca2+-dependent fluorescence intensity was measured with an excitation wavelength of 488 nm and an emission wavelength of 530 nm on a FACS Calibur.
Reactive oxidant species (ROS) 
Oxidative stress was determined utilizing 2’,7’-dichlorodihydrofluorescein (DCF) diacetate. After incubation, a 100 µl suspension of erythrocytes was washed in Ringer solution and stained with DCF diacetate (Sigma, Schnelldorf, Germany) in Ringer solution containing DCF diacetate at a final concentration of 10 µM. Erythrocytes were incubated at 37°C for 30 min in the dark and washed two times in Ringer solution. The DCF-loaded erythrocytes were resuspended in 200 µl Ringer solution and ROS-dependent 
fluorescence intensity was measured at an excitation wavelength of 488 nm and an emission wavelength of 530 nm on a FACS Calibur (BD).
Ceramide abundanceFor the determination of ceramide, a monoclonal antibody-based assay was used. To this end, cells were stained for 1 hour at 37°C with 1 µg/ml anti ceramide antibody (clone MID 15B4, Alexis, Grünberg, Germany) in PBS containing 0.1% bovine serum albumin (BSA) at a dilution of 1:10. The samples 
were washed twice with PBS-BSA. The cells were stained for 30 minutes with polyclonal fluorescein 
isothiocyanate (FITC) conjugated goat anti-mouse IgG and IgM specific antibody (Pharmingen, Hamburg, Germany) diluted 1:50 in PBS-BSA. Unbound secondary antibody was removed by repeated washing with 
PBS-BSA. The samples were analyzed by flow cytometric analysis with an excitation wavelength of 488 nm and an emission wavelength of 530 nm. As a control, secondary antibody alone was used.
Statistics
Data are expressed as arithmetic means ± SEM. As indicated in the figure legends, statistical analysis was made using ANOVA with Tukey’s test as post-test and t test as appropriate. n denotes the number of different erythrocyte specimens studied. Since different erythrocyte specimens used in distinct experiments are differently susceptible to triggers of eryptosis, the same erythrocyte specimens have been used for control and experimental conditions.
ResultsThe present study explored whether the tyrosine kinase inhibitor pazopanib triggers eryptosis, the suicidal erythrocyte death characterized by phosphatidylserine translocation to the cell surface and cell shrinkage. Phosphatidylserine at the erythrocyte surface was estimated from annexin-V-binding 
which was determined by flow cytometry. Prior to measurements, the erythrocytes were incubated for 48 hours in Ringer solution without or with pazopanib (10 – 50 µg/ml). As illustrated in Fig. 1, a 48 hours exposure to pazopanib increased the percentage of 
phosphatidylserine exposing erythrocytes, an effect reaching statistical significance at 25 µg/ml pazopanib. 
Forward scatter determined by flow cytometry was taken as a measure of erythrocyte volume. Measurements were done in erythrocytes incubated for 48 hours in Ringer solution without or with pazopanib (10 – 50 µg/ml). The average erythrocyte forward scatter was similar without pazopanib treatment (497 ± 5.6, n = 16) and following treatment with 10 µg/ml (511 ± 4.8, n = 16), 25 µg/ml (505 ± 5.0, n = 16), and 50 µg/ml (476 ± 7.0, n = 16) pazopanib. Moreover, the percentage of cells with forward scatter > 800 was similar without pazopanib treatment (96.4 ± 0.6, n = 16) and following treatment with 10 µg/ml (95.5 ± 0.5, 
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n = 16), 25 µg/ml (95.1 ± 0.6, n = 16), and 50 µg/ml (94.9 ± 0.7, n = 16) pazopanib. However, pazopanib increased the percentage of severely shrunken erythrocytes (Fig. 2A,B), an effect 
reaching statistical significance at 50 µg/ml pazopanib concentration. Dot blots of annexin-V-binding versus forward scatter reveal that shrunken cells coincide with annexin-V-binding cells (Fig. 2C,D). 
Fig. 1. Effect of pazopanib on phosphatidylserine exposure. A. Original histogram of annexin-V-binding of erythrocytes following exposure for 48 hours to Ringer solution without (grey area) and with (black line) presence of 50 µg/ml pazopanib. B. Arithmetic means ± SEM (n = 16) of erythrocyte annexin-V-binding fol-lowing incubation for 48 hours to Ringer solution without (white bar) or with (black bars) pazopanib (10 
- 50 µg/ml). ***(p<0.001) indicates significant difference from the absence of pazopanib (ANOVA).
Fig. 2. Effect of pazopanib on erythrocyte forward scatter. A. Original histogram of forward scatter of eryth-rocytes following exposure for 48 hours to Ringer solution without (grey area) and with (black line) pres-ence of 50 µg/ml pazopanib. B. Arithmetic means ± SEM (n = 16) of the percentage erythrocytes with for-ward scatter (FSC) < 200 following incubation for 48 hours to Ringer solution without (white bar) or with (black bars) pazopanib (10 - 50 µg/ml). C,D. Original dot plots of forward scatter vs annexin V abundance without (C) and with (D) prior treatment with 50 µg/ml pazopanib. ***(p<0.001) indicates significant dif-ference from the absence of pazopanib (ANOVA).
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In order to estimate the impact of pazopanib on hemolysis, the percentage of haemolytic erythrocytes was estimated from the hemoglobin concentration in the supernatant. As illustrated in Fig. 3, pazopanib increased the percentage of haemolytic erythrocytes, an effect 
reaching statistical significance at 25 µg/ml pazopanib. 
Fluo3-fluorescence was taken as a measure of cytosolic Ca2+ activity ([Ca2+]i). As a result, 
following a 48 hours incubation the Fluo3-fluorescence was lower in the presence of 50 µg/ml pazopanib (17.8 ± 2.7 a.u., n = 12) than in the absence of pazopanib (20.1 ± 3.6 a.u., n = 12). Additional experiments were performed in order to elucidate whether pazopanib 
affects Fluo3-fluorescence of erythrocytes treated with the Ca2+ ionophore ionomycin (1 µM) and thus containing saturating [Ca2+]i. As a result, 50 µg/ml pazopanib treatment decreased 
the Fluo3-fluorescence from 23.1 ± 1.4 a.u. (n = 5) to 16.5 ± 0.6 a.u. (n = 5) in the absence of ionomycin and from 46.1 ± 3.5 a.u. (n = 5) to 33.3 ± 1.7 a.u. (n = 5) in the presence of 
ionomycin. This observation suggests that pazopanib interferes with Fluo3-fluorescence by mechanisms other than decreasing [Ca2+]i, such as quenching of the Fluo3-fluorescence or 
leakage of dye thus reducing Fluo3-fluorescence.   A next series of experiments explored whether the pazopanib-induced translocation of phosphatidylserine to the erythrocyte surface required entry of extracellular Ca2+. To this end, erythrocytes were incubated for 48 hours in the absence or presence of 50 µg/ml pazopanib in the presence or nominal absence of extracellular Ca2+. As illustrated in Fig. 4, removal of extracellular Ca2+ significantly blunted the effect of pazopanib on annexin-V-binding. However, even in the absence of extracellular Ca2+, pazopanib significantly increased the percentage of annexin-V-binding erythrocytes. Thus, pazopanib-induced cell membrane scrambling was in part but not fully dependent on entry of extracellular Ca2+.
Fig. 3. Effect of pazopanib on hemolysis. Arithme-tic means ± SEM (n = 8) of the percentage hemolytic erythrocytes following incubation for 48 hours to Ringer solution without (white bar) or with (black bars) pazopanib (10 - 50 µg/ml). ***(p<0.001) indi-
cates significant difference from the absence of pa-zopanib (ANOVA).
Fig. 4. Ca2+ sensitivity of pazopanib -induced phosphatidylserine exposure. A,B. Original histogram of an-nexin-V-binding of erythrocytes following exposure for 48 hours to Ringer solution without (grey area) and with (black line) pazopanib (50 µg/ml) in the presence (A) and absence (B) of extracellular Ca2+. C. Arith-metic means ± SEM (n = 8) of annexin-V-binding of erythrocytes after a 48 hours treatment with Ringer solution without (white bars) or with (black bars) pazopanib (50 µg/ml) in the presence (left bars, +Ca2+) and absence (right bars, -Ca2+) of Ca2+. ***(p<0.001) indicates significant difference from the absence of pa-
zopanib, #(p<0.05) indicates significant difference from the presence of Ca2+ (ANOVA).
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Eryptosis is further stimulated by oxidative stress. Reactive oxygen species (ROS) were 
thus quantified utilizing 2′,7′-dichlorodihydrofluorescein (DCF) diacetate. As illustrated in Fig. 5, pazopanib increased the DCF fluorescence in erythrocytes, an effect reaching statistical 
significance at 50 µg/ml pazopanib. A further stimulator of eryptosis is ceramide. Ceramide abundance at the erythrocyte 
surface was thus quantified utilizing specific antibodies. As illustrated in Fig. 6, 50 µg/ml 
pazopanib significantly increased the ceramide abundance at the erythrocyte surface. 
DiscussionThe present observations reveal a novel effect of pazopanib, i.e. the stimulation of suicidal erythrocyte death or eryptosis. Exposure of human erythrocytes to pazopanib is followed by increase of the percentage shrunken and phosphatidylserine exposing erythrocytes. The pazopanib concentrations required for triggering of eryptosis are in the range of the plasma concentrations under pazopanib treatment [115, 116].
Fig. 6. Effect of pazopanib on ceramide abundance at the erythrocyte surface. A. Original histogram of ce-ramide abundance in erythrocytes following exposure for 48 hours to Ringer solution without (grey area) and with (black line) presence of 50 µg/ml pazopanib. B. Arithmetic means ± SEM (n = 8) of the ceramide abundance (arbitrary units) in erythrocytes exposed for 48 hours to Ringer solution without (white bar) 
or with (black bar) presence of 50 µg/ml pazopanib. ***(p<0.001) indicates significant difference from the absence of pazopanib (ANOVA).
Fig. 5. Effect of pazopanib on ROS formation. A. Original histogram of DCF fluorescence in erythrocytes following exposure for 48 hours to Ringer solution without (grey area) and with (black line) presence of 
pazopanib (50 µg/ml). B. Arithmetic means ± SEM (n = 12) of the DCF fluorescence (arbitrary units) in erythrocytes exposed for 48 hours to Ringer solution without (white bar) or with (black bars) pazopanib 
(10 - 50 µg/ml). **(p<0.01) indicates significant difference from the absence of pazopanib (ANOVA).
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The effect of pazopanib on cell membrane scrambling was blunted by removal of extracellular Ca2+, an observation suggestive for dependence on Ca2+ entry from the extracellular 
space. Surprisingly, Fluo3-fluorescence decreased following pazopanib treatment. As a control, erythrocytes pretreated without or with pazopanib were exposed to the Ca2+ ionophore ionomycin in order to enhance cytosolic Ca2+ concentrations to values fully saturating the 
fluorescent dye. As a result, pazopanib treatment still decreased Fluo3-fluorescence indicating 
that the substance either interacts with Fluo3-fluorescence or with dye loading. Thus, Fluo3-
fluorescence did not yield reliable data on cytosolic Ca2+ activity.  In any case, the effect of pazopanib on cell membrane scrambling in erythrocytes was partially, but not completely dependent on extracellular Ca2+. Thus additional mechanisms must be involved in the stimulation of cell membrane scrambling by pazopanib. According to the present observations, pazopanib induces oxidative stress and ceramide, both well-known triggers of eryptosis [69].  
    Pazopanib did not significantly modify the average forward scatter but was followed by severe shrinkage of a small subpopulation of erythrocytes. The shrinkage could have been due to activation of  K+ channels, K+ exit, cell membrane hyperpolarization, Cl- exit and thus cellular loss of KCl with water [69]. Besides triggering eryptosis, pazopanib stimulates hemolysis. In vivo, eryptosis serves to clear defective erythrocytes from circulating blood prior to hemolysis [69]. Hemolysis is 
followed by release of hemoglobin which may pass the renal glomerular filter, precipitate in the acidic lumen of renal tubules, occlude nephrons and thus trigger renal failure [117]. Enhanced eryptosis may lead to anemia, as phosphatidylserine exposing erythrocytes are rapidly cleared from circulating blood [69]. Moreover, phosphatidylserine exposing erythrocytes adhere to the vascular wall [118], trigger blood clotting and thus induce thrombosis [119-121]. Eryptotic erythrocytes thus impair microcirculation [71, 119, 122-125]. The effect of pazopanib treatment on eryptosis may be particularly relevant in clinical conditions with enhanced eryptosis, such as dehydration [126], hyperphosphatemia [127], chronic kidney disease (CKD) [128-131], hemolytic-uremic syndrome [132], diabetes [133], hepatic failure [134], malignancy  [69], sepsis [135], sickle-cell disease [69], beta-thalassemia 
[69], Hb-C and G6PD-deficiency [69], as well as Wilsons disease [136]. In conclusion, pazopanib triggers eryptosis with cell shrinkage and cell membrane scrambling, an effect apparently in part dependent on Ca2+ entry, oxidative stress and ceramide. 
AcknowledgementsThe authors acknowledge the meticulous preparation of the manuscript by Tanja Loch. The study was supported by the Deutsche Forschungsgemeinschaft and the Open Access Publishing Fund of Tuebingen University. 
Disclosure Statement
The authors of this manuscript state that they have no conflicts of interest to declare.
References 
1 McCormack PL: Pazopanib: a review of its use in the management of advanced renal cell carcinoma. Drugs 2014;74:1111-1125.
2 Ranieri G, Mammi M, Donato Di Paola E, Russo E, Gallelli L, Citraro R, Gadaleta CD, Marech I, Ammendola M, De Sarro G: Pazopanib a tyrosine kinase inhibitor with strong anti-angiogenetic activity: a new treatment for metastatic soft tissue sarcoma. Crit Rev Oncol Hematol 2014;89:322-329.
3 Koc G, Wang X, Luo Y: Pazopanib: an orally administered multi-targeted tyrosine kinase inhibitor for locally advanced or metastatic renal cell carcinoma. Can J Urol 2011;18:5991-5997.
4 Vasudev NS, Larkin JM: Tyrosine kinase inhibitors in the treatment of advanced renal cell carcinoma: focus on pazopanib. Clin Med Insights Oncol 2011;5:333-342.
D
ow
nl
oa
de
d 
by
: 
15
9.
14
9.
55
.1
48
 - 
6/
1/
20
16
 3
:4
6:
43
 P
M
Cell Physiol Biochem 2016;38:926-938
DOI: 10.1159/000443045
Published online: March 04, 2016 933
Signoretto et al.: Pazopanib-Induced Eryptosis
Cellular Physiology 
and Biochemistry
© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb
5 Melichar B, Studentova H, Zezulova M: Pazopanib: a new multiple tyrosine kinase inhibitor in the therapy of metastatic renal cell carcinoma and other solid tumors. J BUON 2011;16:203-209.
6 Balagula Y, Wu S, Su X, Feldman DR, Lacouture ME: The risk of hand foot skin reaction to pazopanib, a novel multikinase inhibitor: a systematic review of literature and meta-analysis. Invest New Drugs 2012;30:1773-1781.
7 Keisner SV, Shah SR: Pazopanib: the newest tyrosine kinase inhibitor for the treatment of advanced or metastatic renal cell carcinoma. Drugs 2011;71:443-454.
8 Hamberg P, Verweij J, Sleijfer S: (Pre-)clinical pharmacology and activity of pazopanib, a novel multikinase angiogenesis inhibitor. Oncologist 2010;15:539-547.
9 Bukowski RM: Pazopanib: a multikinase inhibitor with activity in advanced renal cell carcinoma. Expert Rev Anticancer Ther 2010;10:635-645.
10 LaPlant KD, Louzon PD: Pazopanib: an oral multitargeted tyrosine kinase inhibitor for use in renal cell carcinoma. Ann Pharmacother 2010;44:1054-1060.
11 Castaneda CA, Gomez HL: Pazopanib: an antiangiogenic drug in perspective. Future Oncol 2009;5:1335-1348.
12 Sonpavde G, Hutson TE: Pazopanib: a novel multitargeted tyrosine kinase inhibitor. Curr Oncol Rep 2007;9:115-119.
13 Sonpavde G, Hutson TE, Sternberg CN: Pazopanib, a potent orally administered small-molecule multitargeted tyrosine kinase inhibitor for renal cell carcinoma. Expert Opin Investig Drugs 2008;17:253-261.
14 van Geel RM, Beijnen JH, Schellens JH: Concise drug review: pazopanib and axitinib. Oncologist 2012;17:1081-1089.
15 Drabkin HA: Pazopanib and anti-VEGF therapy. Open Access J Urol 2010;2:35-40.
16 Limvorasak S, Posadas EM: Pazopanib: therapeutic developments. Expert Opin Pharmacother 2009;10:3091-3102.
17 Sloan B, Scheinfeld NS: Pazopanib, a VEGF receptor tyrosine kinase inhibitor for cancer therapy. Curr Opin Investig Drugs 2008;9:1324-1335.
18 Semenisty V, Naroditsky I, Keidar Z, Bar-Sela G: Pazopanib for metastatic pulmonary epithelioid hemangioendothelioma-a suitable treatment option: case report and review of anti-angiogenic treatment options. BMC Cancer 2015;15:402.
19 Kapadia S, Hapani S, Choueiri TK, Wu S: Risk of liver toxicity with the angiogenesis inhibitor pazopanib in cancer patients. Acta Oncol 2013;52:1202-1212.
20 Zivi A, Cerbone L, Recine F, Sternberg CN: Safety and tolerability of pazopanib in the treatment of renal cell carcinoma. Expert Opin Drug Saf 2012;11:851-859.
21 Schutz FA, Choueiri TK, Sternberg CN: Pazopanib: Clinical development of a potent anti-angiogenic drug. Crit Rev Oncol Hematol 2011;77:163-171.
22 Al-Marrawi MY, Rini B: Pazopanib for the treatment of renal cancer. Expert Opin Pharmacother 2011;12:1171-1189.
23 Bukowski RM: Critical appraisal of pazopanib as treatment for patients with advanced metastatic renal cell carcinoma. Cancer Manag Res 2011;3:273-285.
24 Clark PE: Rationale for targeted therapies and potential role of pazopanib in advanced renal cell carcinoma. Biologics 2010;4:187-197.
25 Cowey CL, Sonpavde G, Hutson TE: New advancements and developments in treatment of renal cell carcinoma: focus on pazopanib. Onco Targets Ther 2010;3:147-155.
26 Gupta S, Spiess PE: The prospects of pazopanib in advanced renal cell carcinoma. Ther Adv Urol 2013;5:223-232.
27 Hackshaw MD, Nagar SP, Parks DC, Miller LA: Persistence and compliance with pazopanib in patients with advanced renal cell carcinoma within a U.S. administrative claims database. J Manag Care Spec Pharm 2014;20:603-610.
28 Kilonzo M, Hislop J, Elders A, Fraser C, Bissett D, McClinton S, Mowatt G, Vale L: Pazopanib for the first-line treatment of patients with advanced and/or metastatic renal cell carcinoma: a NICE single technology appraisal. Pharmacoeconomics 2013;31:15-24.
29 Lang JM, Harrison MR: Pazopanib for the treatment of patients with advanced renal cell carcinoma. Clin Med Insights Oncol 2010;4:95-105.
D
ow
nl
oa
de
d 
by
: 
15
9.
14
9.
55
.1
48
 - 
6/
1/
20
16
 3
:4
6:
43
 P
M
Cell Physiol Biochem 2016;38:926-938
DOI: 10.1159/000443045
Published online: March 04, 2016 934
Signoretto et al.: Pazopanib-Induced Eryptosis
Cellular Physiology 
and Biochemistry
© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb
30 Mitchell CC, Parikh OA: Factors involved in treatment preference in patients with renal cancer: pazopanib versus sunitinib. Patient Prefer Adherence 2014;8:503-511.
31 Motzer RJ, Hutson TE, Cella D, Reeves J, Hawkins R, Guo J, Nathan P, Staehler M, de Souza P, Merchan JR, Boleti E, Fife K, Jin J, Jones R, Uemura H, De Giorgi U, Harmenberg U, Wang J, Sternberg CN, Deen K, McCann L, Hackshaw MD, Crescenzo R, Pandite LN, Choueiri TK: Pazopanib versus sunitinib in metastatic renal-cell carcinoma. N Engl J Med 2013;369:722-731.
32 Nieto M, Borregaard J, Ersboll J, ten Bosch GJ, van Zwieten-Boot B, Abadie E, Schellens JH, Pignatti F: The European Medicines Agency review of pazopanib for the treatment of advanced renal cell carcinoma: 
summary of the scientific assessment of the Committee for Medicinal Products for Human Use. Clin Cancer Res 2011;17:6608-6614.
33 Pick AM, Nystrom KK: Pazopanib for the treatment of metastatic renal cell carcinoma. Clin Ther 2012;34:511-520.
34 Sanford M, Keating GM: Pazopanib: in advanced renal cell carcinoma. BioDrugs 2010;24:279-286.
35 Sonpavde G, Hutson TE, Sternberg CN: Pazopanib for the treatment of renal cell carcinoma and other malignancies. Drugs Today (Barc) 2009;45:651-661.
36 Ward JE, Stadler WM: Pazopanib in renal cell carcinoma. Clin Cancer Res 2010;16:5923-5927.
37 Welsh SJ, Fife K: Pazopanib for the treatment of renal cell carcinoma. Future Oncol 2015;11:1169-1179.
38 Xie M, He CS, Huang JK, Lin QZ: Phase II study of pazopanib as second-line treatment after sunitinib in patients with metastatic renal cell carcinoma: a Southern China Urology Cancer Consortium Trial. Eur J Cancer 2015;51:595-603.
39 Heudel P, Cassier P, Derbel O, Dufresne A, Meeus P, Thiesse P, Ranchere-Vince D, Blay JY, Ray-Coquard I: Pazopanib for the treatment of soft-tissue sarcoma. Clin Pharmacol 2012;4:65-70.
40 Nakano K, Motoi N, Inagaki L, Tomomatsu J, Gokita T, Ae K, Tanizawa T, Shimoji T, Matsumoto S, Takahashi S: Differences in the responses to pazopanib and the prognoses of soft tissue sarcomas by their histological eligibility for the PALETTE study. Jpn J Clin Oncol 2015;45:449-455.
41 Rajendra R, Jones RL, Pollack SM: Targeted treatment for advanced soft tissue sarcoma: profile of pazopanib. Onco Targets Ther 2013;6:217-222.
42 Schoffski P: Pazopanib in the treatment of soft tissue sarcoma. Expert Rev Anticancer Ther 2012;12:711-723.
43 Verweij J, Sleijfer S: Pazopanib, a new therapy for metastatic soft tissue sarcoma. Expert Opin Pharmacother 2013;14:929-935.
44 Wilky BA, Meyer CF, Trent JC: Pazopanib in sarcomas: expanding the PALETTE. Curr Opin Oncol 2013;25:373-378.
45 Migliorini D, Haller S, Merkler D, Pugliesi-Rinaldi A, Koka A, Schaller K, Leemann B, Dietrich PY: Recurrent multiple CNS hemangioblastomas with VHL disease treated with pazopanib: a case report and literature review. CNS Oncol 2015;4:387-392.
46 Davidson BA, Secord AA: Profile of pazopanib and its potential in the treatment of epithelial ovarian cancer. Int J Womens Health 2014;6:289-300.
47 Ahn HK, Choi JY, Kim KM, Kim H, Choi SH, Park SH, Park JO, Lim HY, Kang WK, Lee J, Park YS: Phase II study of pazopanib monotherapy in metastatic gastroenteropancreatic neuroendocrine tumours. Br J Cancer 2013;109:1414-1419.
48 Reardon DA, Groves MD, Wen PY, Nabors L, Mikkelsen T, Rosenfeld S, Raizer J, Barriuso J, McLendon RE, Suttle AB, Ma B, Curtis CM, Dar MM, de Bono J: A phase I/II trial of pazopanib in combination with lapatinib in adult patients with relapsed malignant glioma. Clin Cancer Res 2013;19:900-908.
49 Necchi A, Mariani L, Zaffaroni N, Schwartz LH, Giannatempo P, Crippa F, Morosi C, Lanocita R, Sava T, Ortega C, Messina C, Sacco C, Pennati M, Daidone MG, Nicolai N, De Braud F, Gianni AM, Salvioni R: Pazopanib in advanced and platinum-resistant urothelial cancer: an open-label, single group, phase 2 trial. Lancet Oncol 2012;13:810-816.
50 Amiri-Kordestani L, Tan AR, Swain SM: Pazopanib for the treatment of breast cancer. Expert Opin Investig Drugs 2012;21:217-225.
51 Nikolinakos PG, Altorki N, Yankelevitz D, Tran HT, Yan S, Rajagopalan D, Bordogna W, Ottesen LH, Heymach 
JV: Plasma cytokine and angiogenic factor profiling identifies markers associated with tumor shrinkage in early-stage non-small cell lung cancer patients treated with pazopanib. Cancer Res 2010;70:2171-2179.
D
ow
nl
oa
de
d 
by
: 
15
9.
14
9.
55
.1
48
 - 
6/
1/
20
16
 3
:4
6:
43
 P
M
Cell Physiol Biochem 2016;38:926-938
DOI: 10.1159/000443045
Published online: March 04, 2016 935
Signoretto et al.: Pazopanib-Induced Eryptosis
Cellular Physiology 
and Biochemistry
© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb
52 Craveiro RB, Ehrhardt M, Holst MI, Pietsch T, Dilloo D: In comparative analysis of multi-kinase inhibitors 
for targeted medulloblastoma therapy pazopanib exhibits promising in vitro and in vivo efficacy. Oncotarget 2014;5:7149-7161.
53 Biondo A, Alexander H, Khabra K, Pickering L, Gore M, Larkin J: Pazopanib-induced alopecia, an underestimated toxicity? Front Oncol 2015;5:112.
54 Santoni M, Conti A, Massari F, Arnaldi G, Iacovelli R, Rizzo M, De Giorgi U, Trementino L, Procopio G, Tortora G, Cascinu S: Treatment-related fatigue with sorafenib, sunitinib and pazopanib in patients with advanced solid tumors: an up-to-date review and meta-analysis of clinical trials. Int J Cancer 2015;136:1-10.
55 Santoni M, Conti A, De Giorgi U, Iacovelli R, Pantano F, Burattini L, Muzzonigro G, Berardi R, Santini D, Cascinu S: Risk of gastrointestinal events with sorafenib, sunitinib and pazopanib in patients with solid tumors: a systematic review and meta-analysis of clinical trials. Int J Cancer 2014;135:763-773.
56 Eveno C, le Maignan C, Soyer P, Camus M, Barranger E, Pocard M: Late anastomotic colonic dehiscence due 
to antiangiogenic treatment, a specific drug-class complication requiring specific treatment: an example of pazopanib complication. Clin Res Hepatol Gastroenterol 2011;35:135-139.
57 Powles T, Bracarda S, Chen M, Norry E, Compton N, Heise M, Hutson T, Harter P, Carpenter C, Pandite L, Kaplowitz N: Characterisation of liver chemistry abnormalities associated with pazopanib monotherapy: a systematic review and meta-analysis of clinical trials in advanced cancer patients. Eur J Cancer 2015;51:1293-1302.
58 Canter D, Kutikov A, Golovine K, Makhov P, Simhan J, Uzzo RG, Kolenko VM: Are all multi-targeted tyrosine kinase inhibitors created equal? An in vitro study of sunitinib and pazopanib in renal cell carcinoma cell lines. Can J Urol 2011;18:5819-5825.
59 Di Desidero T, Xu P, Man S, Bocci G, Kerbel RS: Potent efficacy of metronomic topotecan and pazopanib combination therapy in preclinical models of primary or late stage metastatic triple-negative breast cancer. Oncotarget 2015;10.18632/oncotarget.6377
60 Elshal M, Abu-Elsaad N, El-Karef A, Ibrahim TM: The multi-kinase inhibitor pazopanib targets hepatic 
stellate cell activation and apoptosis alleviating progression of liver fibrosis. Naunyn Schmiedebergs Arch Pharmacol 2015;388:1293-1304.
61 Merritt WM, Nick AM, Carroll AR, Lu C, Matsuo K, Dumble M, Jennings N, Zhang S, Lin YG, Spannuth WA, Kamat AA, Stone RL, Shahzad MM, Coleman RL, Kumar R, Sood AK: Bridging the gap between cytotoxic and biologic therapy with metronomic topotecan and pazopanib in ovarian cancer. Mol Cancer Ther 2010;9:985-995.
62 Olaussen KA, Commo F, Tailler M, Lacroix L, Vitale I, Raza SQ, Richon C, Dessen P, Lazar V, Soria JC, Kroemer G: Synergistic proapoptotic effects of the two tyrosine kinase inhibitors pazopanib and lapatinib on multiple carcinoma cell lines. Oncogene 2009;28:4249-4260.
63 Paesler J, Gehrke I, Gandhirajan RK, Filipovich A, Hertweck M, Erdfelder F, Uhrmacher S, Poll-Wolbeck SJ, Hallek M, Kreuzer KA: The vascular endothelial growth factor receptor tyrosine kinase inhibitors vatalanib and pazopanib potently induce apoptosis in chronic lymphocytic leukemia cells in vitro and in vivo. Clin Cancer Res 2010;16:3390-3398.
64 Podar K, Tonon G, Sattler M, Tai YT, Legouill S, Yasui H, Ishitsuka K, Kumar S, Kumar R, Pandite LN, Hideshima T, Chauhan D, Anderson KC: The small-molecule VEGF receptor inhibitor pazopanib (GW786034B) targets both tumor and endothelial cells in multiple myeloma. Proc Natl Acad Sci U S A 2006;103:19478-19483.
65 Shablak A, Gilham DE, Hawkins RE, Elkord E: In vitro effect of IL-2 in combination with pazopanib or sunitinib on lymphocytes function and apoptosis of RCC cells. Expert Opin Pharmacother 2014;15:1489-1499.
66 Zhu XD, Zhang JB, Fan PL, Xiong YQ, Zhuang PY, Zhang W, Xu HX, Gao DM, Kong LQ, Wang L, Wu WZ, Tang ZY, Ding H, Sun HC: Antiangiogenic effects of pazopanib in xenograft hepatocellular carcinoma models: evaluation by quantitative contrast-enhanced ultrasonography. BMC Cancer 2011;11:28.
67 Fauster A, Rebsamen M, Huber KV, Bigenzahn JW, Stukalov A, Lardeau CH, Scorzoni S, Bruckner M, Gridling M, Parapatics K, Colinge J, Bennett KL, Kubicek S, Krautwald S, Linkermann A, Superti-Furga G: A cellular 
screen identifies ponatinib and pazopanib as inhibitors of necroptosis. Cell Death Dis 2015;6:e1767.
68 Tavallai S, Hamed HA, Grant S, Poklepovic A, Dent P: Pazopanib and HDAC inhibitors interact to kill sarcoma cells. Cancer Biol Ther 2014;15:578-585.
D
ow
nl
oa
de
d 
by
: 
15
9.
14
9.
55
.1
48
 - 
6/
1/
20
16
 3
:4
6:
43
 P
M
Cell Physiol Biochem 2016;38:926-938
DOI: 10.1159/000443045
Published online: March 04, 2016 936
Signoretto et al.: Pazopanib-Induced Eryptosis
Cellular Physiology 
and Biochemistry
© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb
69 Lang F, Qadri SM: Mechanisms and significance of eryptosis, the suicidal death of erythrocytes. Blood Purif 2012;33:125-130.
70 Lang PA, Kaiser S, Myssina S, Wieder T, Lang F, Huber SM: Role of Ca2+-activated K+ channels in human erythrocyte apoptosis. Am J Physiol Cell Physiol 2003;285:C1553-C1560.
71 Abed M, Towhid ST, Mia S, Pakladok T, Alesutan I, Borst O, Gawaz M, Gulbins E, Lang F: Sphingomyelinase-induced adhesion of eryptotic erythrocytes to endothelial cells. Am J Physiol Cell Physiol 2012;303:C991-999.
72 Lau IP, Chen H, Wang J, Ong HC, Leung KC, Ho HP, Kong SK: In vitro effect of CTAB- and PEG-coated gold nanorods on the induction of eryptosis/erythroptosis in human erythrocytes. Nanotoxicology 2012;6:847-856.
73 Maellaro E, Leoncini S, Moretti D, Del Bello B, Tanganelli I, De Felice C, Ciccoli L: Erythrocyte caspase-3 activation and oxidative imbalance in erythrocytes and in plasma of type 2 diabetic patients. Acta Diabetol 2013;50:489-495.
74 Alzoubi K, Calabròa S, Bissinger R, Abed M, Faggio C, Lang F: Stimulation of Suicidal Erythrocyte Death by Artesunate. Cell Physiol Biochem 2014;34:2232-2244.
75 Alzoubi K, Egler J, Abed M, Lang F: Enhanced Eryptosis Following Auranofin Exposure. Cell Physiol Biochem 2015;37:1018-1028.
76 Arnold M, Bissinger R, Lang F: Mitoxantrone-induced suicidal erythrocyte death. Cell Physiol Biochem 2014;34:1756-1767.
77 Arnold M, Lang E, Modicano P, Bissinger R, Faggio C, Abed M, Lang F: Effect of nitazoxanide on erythrocytes. Basic Clin Pharmacol Toxicol 2014;114:421-426.
78 Bissinger R, Barking S, Alzoubi K, Liu G, Liu G, Lang F: Stimulation of Suicidal Erythrocyte Death by the 
Antimalarial Drug Mefloquine. Cell Physiol Biochem 2015;36:1395-1405.
79 Bissinger R, Bouguerra G, Stockinger K, Abbes S, Lang F: Triggering of Suicidal Erythrocyte Death by Topotecan. Cell Physiol Biochem 2015;37:1607-1618.
80 Bissinger R, Fischer S, Jilani K, Lang F: Stimulation of Erythrocyte Death by Phloretin. Cell Physiol Biochem 2014;34:2256-2265.
81 Bissinger R, Lupescu A, Zelenak C, Jilani K, Lang F: Stimulation of eryptosis by cryptotanshinone. Cell Physiol Biochem 2014;34:432-442.
82 Bouguerra G, Aljanadi O, Bissinger R, Abbes S, Lang F: Embelin-Induced Phosphatidylserine Translocation in the Erythrocyte Cell Membrane. Cell Physiol Biochem 2015;37:1629-1640.
83 Bouguerra G, Bissinger R, Abbes S, Lang F: Stimulation of Eryptosis by Narasin. Cell Physiol Biochem 2015;37:1807-1816.
84 Bouguerra G, Bissinger R, Abbes S, Lang F: Zopolrestat Induced Suicidal Death of Human Erythrocytes. Cell Physiol Biochem 2015;37:1537-1546.
85 Briglia M, Fazio A, Faggio C, Laufer S, Alzoubi K, Lang F: Triggering of Suicidal Erythrocyte Death by Ruxolitinib. Cell Physiol Biochem 2015;37:768-778.
86 Briglia M, Fazio A, Signoretto E, Faggio C, Lang F: Edelfosine Induced Suicidal Death of Human Erythrocytes. Cell Physiol Biochem 2015;37:2221-2230.
87 Calabro S, Alzoubi K, Faggio C, Laufer S, Lang F: Triggering of Suicidal Erythrocyte Death Following Boswellic Acid Exposure. Cell Physiol Biochem 2015;37:131-142.
88 Egler J, Lang F: Licochalcone A Induced Suicidal Death of Human Erythrocytes. Cell Physiol Biochem 2015;37:2060-2070.
89 Faggio C, Alzoubi K, Calabro S, Lang F: Stimulation of suicidal erythrocyte death by PRIMA-1. Cell Physiol Biochem 2015;35:529-540.
90 Fazio A, Briglia M, Faggio C, Alzoubi K, Lang F: Stimulation of Suicidal Erythrocyte Death by Garcinol. Cell Physiol Biochem 2015;37:805-815.
91 Jacobi J, Lang E, Bissinger R, Frauenfeld L, Modicano P, Faggio C, Abed M, Lang F: Stimulation of erythrocyte cell membrane scrambling by mitotane. Cell Physiol Biochem 2014;33:1516-1526.
92 Lang E, Jilani K, Bissinger R, Rexhepaj R, Zelenak C, Lupescu A, Lang F, Qadri SM: Vitamin D-Rich Diet in Mice Modulates Erythrocyte Survival. Kidney Blood Press Res 2015;40:403-412.
93 Lang E, Zelenak C, Eberhard M, Bissinger R, Rotte A, Ghashghaeinia M, Lupescu A, Lang F, Qadri SM: Impact of Cyclin-Dependent Kinase CDK4 Inhibition on Eryptosis. Cell Physiol Biochem 2015;37:1178-1186.
D
ow
nl
oa
de
d 
by
: 
15
9.
14
9.
55
.1
48
 - 
6/
1/
20
16
 3
:4
6:
43
 P
M
Cell Physiol Biochem 2016;38:926-938
DOI: 10.1159/000443045
Published online: March 04, 2016 937
Signoretto et al.: Pazopanib-Induced Eryptosis
Cellular Physiology 
and Biochemistry
© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb
94 Lupescu A, Bissinger R, Goebel T, Salker MS, Alzoubi K, Liu G, Chirigiu L, Mack AF, Qadri SM, Lang F: Enhanced suicidal erythrocyte death contributing to anemia in the elderly. Cell Physiol Biochem 2015;36:773-783.
95 Lupescu A, Bissinger R, Herrmann T, Oswald G, Jilani K, Lang F: Induction of suicidal erythrocyte death by novobiocin. Cell Physiol Biochem 2014;33:670-680.
96 Lupescu A, Bissinger R, Warsi J, Jilani K, Lang F: Stimulation of erythrocyte cell membrane scrambling by gedunin. Cell Physiol Biochem 2014;33:1838-1848.
97 Malik A, Bissinger R, Calabro S, Faggio C, Jilani K, Lang F: Aristolochic Acid Induced Suicidal Erythrocyte Death. Kidney Blood Press Res 2014;39:408-419.
98 Officioso A, Alzoubi K, Manna C, Lang F: Clofazimine Induced Suicidal Death of Human Erythrocytes. Cell Physiol Biochem 2015;37:331-341.
99 Oswald G, Alzoubi K, Abed M, Lang F: Stimulation of suicidal erythrocyte death by ribavirin. Basic Clin Pharmacol Toxicol 2014;114:311-317.
100 Peter T, Bissinger R, Enkel S, Alzoubi K, Oswald G, Lang F: Programmed erythrocyte death following in vitro Treosulfan treatment. Cell Physiol Biochem 2015;35:1372-1380.
101 Stockinger K, Bissinger R, Bouguerra G, Abbes S, Lang F: Enhanced Eryptosis Following Exposure to Carnosic Acid. Cell Physiol Biochem 2015;37:1779-1791.
102 Tesoriere L, Attanzio A, Allegra M, Cilla A, Gentile C, Livrea MA: Oxysterol mixture in hypercholesterolemia-relevant proportion causes oxidative stress-dependent eryptosis. Cell Physiol Biochem 2014;34:1075-1089.
103 Waibel S, Bissinger R, Bouguerra G, Abbes S, Lang F: Saquinavir Induced Suicidal Death of Human Erythrocytes. Cell Physiol Biochem 2015;37:1973-1982.
104 Zierle J, Bissinger R, Egler J, Lang F: Lapatinib Induced Suicidal Death of Human Erythrocytes. Cell Physiol Biochem 2015;37:2275-2287.
105 Bissinger R, Bouguerra G, Al Mamun Bhuyan A, Waibel S, Abbes S, Lang F: Efavirenz Induced Suicidal Death of Human Erythrocytes. Cell Physiol Biochem 2015;37:2496-2507.
106 Bissinger R, Waibel S, Bouguerra G, Al Mamun Bhuyan A, Abbes S, Lang F: Enhanced Eryptosis Following Exposure to Lopinavir. Cell Physiol Biochem 2015;37:2486-2495.
107 Briglia M, Calabro S, Signoretto E, Alzoubi K, Laufer S, Faggio C, Lang F: Fucoxanthin Induced Suicidal Death of Human Erythrocytes. Cell Physiol Biochem 2015;37:2464-2475.
108 Briglia M, Fazio A, Faggio C, Lang F: Triggering of Suicidal Erythrocyte Death by Zosuquidar. Cell Physiol Biochem 2015;37:2355-2365.
109 Fazio A, Briglia M, Faggio C, Alzoubi K, Lang F: Oxaliplatin Induced Suicidal Death of Human Erythrocytes. Cell Physiol Biochem 2015;37:2393-2404.
110 Macczak A, Cyrkler M, Bukowska B, Michalowicz J: Eryptosis-inducing activity of bisphenol A and its analogs in human red blood cells (in vitro study). J Hazard Mater 2016;307:328-335.
111 Officioso A, Alzoubi K, Lang F, Manna C: Hydroxytyrosol inhibits phosphatidylserine exposure and suicidal death induced by mercury in human erythrocytes: Possible involvement of the glutathione pathway. Food Chem Toxicol 2016;89:47-53.
112 Officioso A, Manna C, Alzoubi K, Lang F: Bromfenvinphos induced suicidal death of human erythrocytes. Pestic Biochem Physiol 2016;126:58-63.
113 Qadri SM, Donkor DA, Bhakta V, Eltringham-Smith LJ, Dwivedi DJ, Moore JC, Pepler L, Ivetic N, Nazi 
I, Fox-Robichaud AE, Liaw PC, Sheffield WP: Phosphatidylserine externalization and procoagulant activation of erythrocytes induced by Pseudomonas aeruginosa virulence factor pyocyanin. J Cell Mol Med 2016;10.1111/jcmm.12778
114 Zierle J, Bissinger R, Bouguerra G, Abbes S, Lang F: Triggering of Suicidal Erythrocyte Death by Regorafenib. Cell Physiol Biochem 2016;38:160-172.
115 Inada-Inoue M, Ando Y, Kawada K, Mitsuma A, Sawaki M, Yokoyama T, Sunakawa Y, Ishida H, Araki K, Yamashita K, Mizuno K, Nagashima F, Takekura A, Nagamatsu K, Sasaki Y: Phase 1 study of pazopanib alone or combined with lapatinib in Japanese patients with solid tumors. Cancer Chemother Pharmacol 2014;73:673-683.
116 Kerklaan BM, Lolkema MP, Devriese LA, Voest EE, Nol-Boekel A, Mergui-Roelvink M, Langenberg M, Mykulowycz K, Stoebenau J, Lane S, Legenne P, Wissel P, Smith DA, Giantonio BJ, Schellens JH, Witteveen PO: Phase I and pharmacological study of pazopanib in combination with oral topotecan in patients with advanced solid tumours. Br J Cancer 2015;113:706-715.
D
ow
nl
oa
de
d 
by
: 
15
9.
14
9.
55
.1
48
 - 
6/
1/
20
16
 3
:4
6:
43
 P
M
Cell Physiol Biochem 2016;38:926-938
DOI: 10.1159/000443045
Published online: March 04, 2016 938
Signoretto et al.: Pazopanib-Induced Eryptosis
Cellular Physiology 
and Biochemistry
© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb
117 Harrison HE, Bunting H, Ordway NK, Albrink WS: The Pathogenesis of the Renal Injury Produced in the Dog by Hemoglobin or Methemoglobin. J Exp Med 1947;86:339-356.
118 Borst O, Abed M, Alesutan I, Towhid ST, Qadri SM, Foller M, Gawaz M, Lang F: Dynamic adhesion of eryptotic erythrocytes to endothelial cells via CXCL16/SR-PSOX. Am J Physiol Cell Physiol 2012;302:C644-C651.
119 Andrews DA, Low PS: Role of red blood cells in thrombosis. Curr Opin Hematol 1999;6:76-82.
120 Chung SM, Bae ON, Lim KM, Noh JY, Lee MY, Jung YS, Chung JH: Lysophosphatidic acid induces thrombogenic activity through phosphatidylserine exposure and procoagulant microvesicle generation in human erythrocytes. Arterioscler Thromb Vasc Biol 2007;27:414-421.
121 Zwaal RF, Comfurius P, Bevers EM: Surface exposure of phosphatidylserine in pathological cells. Cell Mol Life Sci 2005;62:971-988.
122 Closse C, Dachary-Prigent J, Boisseau MR: Phosphatidylserine-related adhesion of human erythrocytes to vascular endothelium. Br J Haematol 1999;107:300-302.
123 Gallagher PG, Chang SH, Rettig MP, Neely JE, Hillery CA, Smith BD, Low PS: Altered erythrocyte endothelial adherence and membrane phospholipid asymmetry in hereditary hydrocytosis. Blood 2003;101:4625-4627.
124 Pandolfi A, Di Pietro N, Sirolli V, Giardinelli A, Di Silvestre S, Amoroso L, Di Tomo P, Capani F, Consoli A, Bonomini M: Mechanisms of uremic erythrocyte-induced adhesion of human monocytes to cultured endothelial cells. J Cell Physiol 2007;213:699-709.
125 Wood BL, Gibson DF, Tait JF: Increased erythrocyte phosphatidylserine exposure in sickle cell disease: flow-cytometric measurement and clinical associations. Blood 1996;88:1873-1880.
126 Abed M, Feger M, Alzoubi K, Pakladok T, Frauenfeld L, Geiger C, Towhid ST, Lang F: Sensitization of erythrocytes to suicidal erythrocyte death following water deprivation. Kidney Blood Press Res 2013;37:567-578.
127 Voelkl J, Alzoubi K, Mamar AK, Ahmed MS, Abed M, Lang F: Stimulation of suicidal erythrocyte death by increased extracellular phosphate concentrations. Kidney Blood Press Res 2013;38:42-51.
128 Abed M, Artunc F, Alzoubi K, Honisch S, Baumann D, Foller M, Lang F: Suicidal erythrocyte death in end-stage renal disease. J Mol Med (Berl) 2014;92:871-879.
129 Ahmed MS, Langer H, Abed M, Voelkl J, Lang F: The uremic toxin acrolein promotes suicidal erythrocyte death. Kidney Blood Press Res 2013;37:158-167.
130 Polak-Jonkisz D, Purzyc L: Ca(2+) influx versus efflux during eryptosis in uremic erythrocytes. Blood Purif 2012;34:209-210; author reply 210.
131 Calderon-Salinas JV, Munoz-Reyes EG, Guerrero-Romero JF, Rodriguez-Moran M, Bracho-Riquelme RL, Carrera-Gracia MA, Quintanar-Escorza MA: Eryptosis and oxidative damage in type 2 diabetic mellitus patients with chronic kidney disease. Mol Cell Biochem 2011;357:171-179.
132 Lang PA, Beringer O, Nicolay JP, Amon O, Kempe DS, Hermle T, Attanasio P, Akel A, Schafer R, Friedrich B, Risler T, Baur M, Olbricht CJ, Zimmerhackl LB, Zipfel PF, Wieder T, Lang F: Suicidal death of erythrocytes in recurrent hemolytic uremic syndrome. J Mol Med (Berl) 2006;84:378-388.
133 Nicolay JP, Schneider J, Niemoeller OM, Artunc F, Portero-Otin M, Haik G, Jr., Thornalley PJ, Schleicher E, Wieder T, Lang F: Stimulation of suicidal erythrocyte death by methylglyoxal. Cell Physiol Biochem 2006;18:223-232.
134 Lang E, Gatidis S, Freise NF, Bock H, Kubitz R, Lauermann C, Orth HM, Klindt C, Schuier M, Keitel V, Reich M, Liu G, Schmidt S, Xu HC, Qadri SM, Herebian D, Pandyra AA, Mayatepek E, Gulbins E, Lang F, Haussinger D, Lang KS, Foller M, Lang PA: Conjugated bilirubin triggers anemia by inducing erythrocyte death. Hepatology 2015;61:275-284.
135 Kempe DS, Akel A, Lang PA, Hermle T, Biswas R, Muresanu J, Friedrich B, Dreischer P, Wolz C, Schumacher U, Peschel A, Gotz F, Doring G, Wieder T, Gulbins E, Lang F: Suicidal erythrocyte death in sepsis. J Mol Med (Berl) 2007;85:273-281.
136 Lang PA, Schenck M, Nicolay JP, Becker JU, Kempe DS, Lupescu A, Koka S, Eisele K, Klarl BA, Rubben H, Schmid KW, Mann K, Hildenbrand S, Hefter H, Huber SM, Wieder T, Erhardt A, Haussinger D, Gulbins E, Lang F: Liver cell death and anemia in Wilson disease involve acid sphingomyelinase and ceramide. Nat Med 2007;13:164-170.
D
ow
nl
oa
de
d 
by
: 
15
9.
14
9.
55
.1
48
 - 
6/
1/
20
16
 3
:4
6:
43
 P
M
